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Abstract 
The Stuttgart Enterprise Model (SEM) represents a holistic production system aiming at adaptable enterprise structures. For some time an 
increasing number of manufacturing companies operate within global manufacturing networks. Therefore the question arises to which extent 
the SEM, i.e. its set of sub-models, procedures and methods, contains the characteristics of global manufacturing networks and whether it is 
applicable to the global manufacturing network level. This contribution presents different key characteristics of global manufacturing networks 
as shown in the analytical framework. By using this framework, the SEM and its components are analyzed in terms of applicability to 
manufacturing networks. Since the analysis reveals several partially or even not considered characteristics of global manufacturing networks, 
indications are given, how the SEM should be adjusted and improved in order to increase its applicability to the global manufacturing network 
level. The goal of this contribution is to serve as a basis for further development of the SEM towards a holistic production system that can give 
recommendations for action to create adaptable global manufacturing networks. 
© 2014 The Authors. Published by Elsevier B.V. 
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Chair Prof. Dr.-Ing. Katja Windt. 
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1. Motivation and problem definition  
Manufacturing companies face in a more globalized 
world new challenges: Because of changing outside 
influences such as the megatrends individualism, 
globalization, etc., manufacturing companies have to act 
more and more in an adaptable and flexible way. In this 
globalized world many industries also face the challenge of 
shifting sales markets towards new regions, which is why it 
becomes necessary for manufacturing companies to 
construct and operate within global manufacturing networks 
in order to gain market access or generate cost advantages 
[1]. Already many industry companies, for example 
Volkswagen AG or Toyota AG, act within such global 
manufacturing networks. 
Acting in global manufacturing networks is accompanied 
by a more turbulent environment for manufacturing 
companies. To cope with this environment and in the course 
of that to overcome upcoming challenges of an increasingly 
global production, manufacturing companies have to adapt 
to these turbulences in order to be successful in the long 
term [2]. Producing companies have to react to the 
turbulence in their environment by changing their factories 
in ever decreasing intervals [3]. The capability of adapting 
to changes at any enterprise level has become a key success 
factor for manufacturing companies [4]. Therefore the 
creation of an adaptable and reconfigurable manufacturing 
system is an important aim, so companies are able to react 
efficiently to environment changes [2, 5, 6]. Thus, a 
systematic approach to give recommendations for action to 
create adaptable global manufacturing networks is worth to 
examine, as more and more companies face an increasing 
complexity within their production networks [3]. 
There are many systematic approaches to optimize 
manufacturing production systems. Holistic production 
systems intend to enhance the whole production of 
 uthors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://cre tivecommons.org/licen es/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientifi c Committee of “RoMaC 2014” in the person of the Conference 
Chair Prof. Dr.-Ing. Katja Windt.
46   Tobias Tauterat et al. /  Procedia CIRP  19 ( 2014 )  45 – 50 
companies by sets of rules and organizational models [7]. 
Therefore many holistic production systems are applied to 
the needs of a certain company and often exist as a 
company applied production system, as the Quality 
Network Production System at Opel or the Volkswagen 
Work and Process Organization show. These systems are 
generally inspired by the famous Toyota Production System 
(TPS) [8]. Hereby holistic production systems aim at using 
methods and instruments to achieve an efficient creation of 
value for the production units [8]. It is often referred to as 
the concept of Lean Production and is said to have given 
Toyota a major advantage in the automotive industry [9, 
10]. 
What a majority of holistic production systems, 
established in companies, have in common is their focus on 
increasing the company’s cost efficiency and profitability. 
Their main goal is the optimization of the production in 
terms of quality, time and costs, by reducing waste in the 
production line and by a high degree of standardization of 
the processes [11]. Holistic production systems support the 
management and give a toolbox of modular and 
standardized methods and instruments for employees, in 
order to optimize workflow and processes in terms of cost, 
time, and quality in all segments of production. 
Besides holistic production systems that are mainly 
developed in companies, there is also a wide range of 
systems developed by scientific research. Their approach 
and methods are similar to or often based on the TPS, but 
their focus can differ. Wildemann’s holistic production 
system focuses on the optimization of dynamics of change 
in  producing companies [9]. The concept of the so called 
Fractal Factory by Warnecke focuses on a production that is 
capable of fast adaption to unpredictable market changes, 
without losing its structure or organization (Fractals are 
units that are capable of self-organization and self-
optimization) [9, 12].  
The Stuttgart Enterprise Model (SEM) [11] has also been 
developed by scientific research (a detailed description of 
the SEM is made in chapter 2). Due to its strong focus on 
adaptability and dynamic changes, this model could be an 
efficient concept to enhance production systems in a global 
environment [6, 13]. The SEM is potentially scalable to the 
manufacturing network level due to the certain theoretical 
principles that it is based on (see chapter 2). For these two 
reasons, the authors of this contribution have chosen the 
SEM for the evaluation and further development in terms of 
applicability to global manufacturing networks. 
The paper is structured as follows. Introducing the basics 
of SEM in chapter 2, chapter 3 presents the key 
characteristics of global manufacturing networks and their 
attributes in an analytical framework. By using this 
framework in chapter 4, the SEM and its components are 
analyzed in terms of incorporating these characteristics and 
whether it is applicable to the global manufacturing 
network level. Finally, first indications to which extent the 
SEM should be adjusted in order to increase its applicability 
to the global manufacturing network level are given in 
chapter 5. 
2. Stuttgart Enterprise Model 
The SEM had been developed by a DFG Collaborative 
Research Centre between 1997 and 2006 [11]. Like TPS or 
Fractal Production, SEM is a holistic production system that 
focuses on structural adaptability of a production system or 
company. Its focus on adaptability can be attributed to 
certain theoretical principles [11]. 
SEM is based on the system theory, consisting of several 
hierarchically organized business processes. The 
organization of these performance units, the so-called scale 
model, is shown in Fig. 1. Each scale represents a 
hierarchical level in the system. On the right hand side of 
Fig. 1 an example for different scales is presented in an 
automotive cost centre plant. Every unit of operation is 
independent and acts in accordance to six organizational 
principles: cooperation, self-organization, self-optimization, 
self-control, self-configuration and technical intelligence. 
These principles represent how the units of organization 
work internally. Obviously these principles focus on 
independence and autonomy, from which an increased 
adaptability of the whole organization results.  
For the communication of several performance units, 
another theoretical principle is established, the so-called 
cooperation model. It describes the vertical and horizontal 
communication of different units with each other. 
 
Fig. 1. Scale model in the Stuttgart Enterprise Model [14]. 
To react to turbulences in the environment of systems 
the effect model is provided. It represents a superior system 
control, which reacts to outside changes and influences the 
processes in the organization. 
In addition to the SEM’s theoretical principles, 
functional sub-models for organizing a changeable and 
robust production are presented by the authors as well. Six 
different functional sub-models are mentioned: Governance 
and controlling, planning and management control, 
technology and structures, human resources for change, 
information technology for change and knowledge in the 
context of adaptability. 
In the past years the SEM is cited and discussed in 
different publications and on several conferences (see e.g. 
[15, 16]). The focus on adaptability and changeability is 
considered as important for production companies: E.g. 
Bauernhansl et al. considered sustainable changeability in 
the production to be necessary in order to gain higher 
resilience [16]. Hartung et al. pronounced the higher cost 
efficiency through enhanced changeability as well [15]. 
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3. Analytical framework 
Analyzing holistic production systems’ ability to 
describe global manufacturing networks, the authors 
derived an ideal-typical analytical framework that is 
composed of several key characteristics of global 
manufacturing networks and their attributes (see table 1 and 
2). This framework helps to analyze the SEM and its 
components in terms of applicability to manufacturing 
networks by reviewing each characteristic attribute 
concerning their consideration within the SEM. The 
characteristics of global manufacturing networks and their 
attributes will be described hereinafter. In chapter 4 the 
SEM is analyzed by using the analytical framework. 
If a company wants to set up global manufacturing, a 
particular question arises at the very beginning: what is the 
motivation for global manufacturing? Within the analytical 
framework these factors are referred to as motivating 
factors. Motivating factors are not only deciding at the 
beginning of the construction of a global manufacturing 
network, but also at each reconfiguration of the network. 
The motivating factors consist of the following seven 
characteristic attributes: cost benefits, sales increase, 
location protection, access to the market, flexibility 
increase, scale effects, and risk protection. For detailed 
information concerning these characteristic attributes see 
[17, 18, 19]. 
When a company has decided to set up its manufacturing 
globally, it is also necessary to discuss the general 
characteristics of global manufacturing networks, which are 
network structure, order fulfillment, coordination pattern, 
distribution of power, cooperation term, integration degree, 
dynamic and communication structure. These 
characteristics aim specifically at reaching the present 
configuration of a network in order to achieve the goals 
pursued by the motivating factors in the early phase. The 
characteristics of global manufacturing networks are 
explained shortly hereinafter. 
Table 1. Characteristics of global manufacturing networks (modified but 
based on [20, 21]). 
Characteristics of manufacturing networks 
Motivating factors (e.g. cost benefits, location protection) 
Network structure (e.g. world factory, hub and spoke, local) 
Order fulfillment (see table 2) 
Coordination pattern (e.g. hierarchical, cooperative, broker based) 
Distribution of power (hierarchical-pyramidal, federal-polycentric) 
Cooperation term (long-term, short-term) 
Integration degree (vertical, horizontal) 
Dynamic (high, moderate, low) 
Communication structure (one-level, multi-level) 
 
 
 
Table 2. Aspects of order fulfilment, additional to table 1 (modified but 
based on [20, 21]). 
Aspects of Order fulfillment 
Structuring (structured, semi-structured, unstructured) 
Anticipation (exact predictable, rough predictable, not predictable) 
Complexity (production volume, volume of orders) 
Specificity (specific, opportunity to standardize, standardized) 
Variability (regular demand, fluctuating demand, unsteady demand) 
 
With respect to the characteristic network structure, five 
characteristic attributes exist: world factory, chain, network, 
hub and spoke, and local. E.g. according to the attribute 
network, companies with a high real net output ratio run a 
chance of shifting production capacity. Or if a company 
chooses to structure the network locally, it just operates on 
local markets with a product that has a low value as well as 
strong delivery requirements [22]. For a detailed description 
of the five different network structure characteristics see 
[22]. 
The next attribute within the analytical framework is 
called order fulfillment. This can be divided into 
structuring, anticipation, complexity, specificity, and 
variability. Structuring indicates to what extent the 
operations of a production order can be organized. 
Incomplete information and exceptional situations cause 
working steps to be semi-structured or unstructured as a 
result. The characteristic anticipation means to what extend 
procurement is known in advance in order to plan the work 
process and its duration. The complexity is described by the 
following characteristic attributes: network actors, stages of 
production, quantity of orders and order network. Here, 
interdependence and dynamic changes of those attributes 
are important. The characteristic specificity describes to 
what extend an order is customized. The last characteristic 
concerning the order fulfillment is called variability. This 
characteristic deals on the one hand with the similarity of 
manufacturing orders and on the other hand with the 
variation possibilities of order properties. In addition, the 
feature is determined by a regular, fluctuating or irregular 
demand [20, 21]. 
Coordination pattern can be distinguished in 
hierarchical, competing, cooperative and broker-based 
coordination pattern. For the classification of these 
attributes within distributed systems a distinction is made in 
terms of their relevant target system and in terms of the 
place of decision-making [21]. 
The distribution of power is divided into the attributes 
hierarchical-pyramidal and federal-polycentric which both 
are based on the perception of coordination tasks. Within a 
hierarchical-pyramidal network a focal company is 
responsible for the strategic management because of its 
market power. Polycentric networks have a homogeneous 
correlation and therefore the coordination tasks are 
distributed to the individual companies depending on their 
specialization and competences [20]. 
Another characteristic is called cooperation term, which 
is divided into a long-term and short-term cooperation [21]. 
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Closely linked to the information technology 
infrastructure of a manufacturing network is the integration 
degree. This characteristic is divided into the attributes 
vertical and horizontal. The horizontal integration indicates 
to which extent individual processes are synchronized with 
the company’s interfaces. Vertical integration, however, 
represents to which extent information, its level of detail 
and its level of transparency, is available for cooperation 
partners [23]. 
The dynamic and pace of development are descriptive 
aspects for global manufacturing networks. In this context 
the adaptability plays an important role. The attributes can 
be high, moderate or low. 
Another characteristic includes the communication 
structure which can be distinguished on the one hand 
between bilateral and multilateral communication channels 
and on the other hand by the number of production stages 
involved within the manufacturing process (for a detailed 
description see [21]). 
4. Applicability of the Stuttgart Enterprise Model to 
Global Manufacturing Network Level 
After developing the analytical framework, the SEM and 
its components are analyzed concerning the applicability to 
global manufacturing network (GMN) level. Therefore the 
different characteristic attributes are reviewed and stated to 
what extent the SEM can represent them. Table 3 and table 
4 show the developed and applied analytical framework. In 
the column to the right of the characteristics of 
manufacturing networks is stated to what extent the SEM 
considers these characteristics. 
Motivating factors: In this context only the long-term 
need to design networks and factories is mentioned within 
the SEM [11, p. 11]. However, the SEM presents no design 
guidelines, so that it explicitly introduces none of the seven 
characteristic attributes. The attributes would play a role in 
the network design, if they were described explicitly for the 
relevant system levels of the scale model. 
Network structure: Is mentioned in particular with regard 
to the scale model [11, scale model, p. 60 ff.]. The SEM 
describes an ideal-typical manufacturing network, on which 
the design of the structure of a manufacturing network 
should be based. 
Order fulfillment: SEM mentions some aspects of this 
characteristic. The structured cooperation starts with the 
order fulfillment at the customer and also ends there [11, 
cooperation model, p. 63 ff.]. However it is assumed that 
there is no central order management system which plans 
and controls orders of all hierarchy levels and performance 
units in detail [11, cooperation model, p. 63 ff.]. The SEM 
does not specify whether the order processing is structured 
or not.  
The anticipation of orders within the feature bundle is 
discussed in factory planning. It has a great influence on the 
responsiveness of production and their configuration. 
 
 
 
Table 3. SEM - Analytical framework. 
Characteristics of  
manufacturing networks 
Consideration 
Motivating factors not considered 
Network structure partially considered 
Order fulfillment see table 4 
Coordination pattern partially considered 
Distribution of power partially considered 
Cooperation term barely considered 
Integration degree considered 
Dynamic considered 
Communication structure considered 
 
Table 4. SEM - Analytical framework - Order fulfilment. 
Aspects of Order fulfillment Consideration 
Structuring considered 
Anticipation considered 
Complexity considered 
Specificity considered 
Variability considered 
 
The complexity of the order fulfillment is mentioned 
within the SEM by the fact that only the network actors are 
taken into account. Network actors do have an active role as 
they connect performance units horizontally and vertically. 
On the one hand they have planning skills on the other hand 
leadership skills, which allows independent negotiation 
with partners [11, cooperation model , S. 63 ff.]. 
The specificity of order fulfillment is stated as specific 
within the SEM since the current and future production are 
interconnected. Changes of an individual customer order 
leads to actions and changes in management and execution 
processes [11, p. 51]. A distinction between specific and 
non-specific order processing and the consequences are 
taken into consideration and play an essential role in the 
production of companies. 
The variability is also discussed within the SEM by 
focusing on adaptability. “A system is called adaptable if it 
has specifically applicable process variability, structural 
variability as well as behavior variability.” [11, p. 14] A 
structural adaptability of businesses is needed today as well 
as in the future [11, p. 13]. Furthermore, adaptability means 
a challenge at all levels of production from the processes 
through to the manufacturing networks [11, p. 19]. 
Variability is also discussed within the SEM in terms of 
order fulfillment [11, p. 40]. 
Coordination pattern: The SEM proposes a form of 
production in which performance units work together 
"cooperatively" in a horizontal as well as in a vertical way. 
Through their planning and leadership skills, the 
performance units can negotiate with partners at the same 
level and with hierarchal partners [11, cooperation model, 
p. 63 ff.]. Consequently, there is a focus on cooperative 
coordination in the SEM and on manufacturing networks. 
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Distribution of power: Performance units are hierarchical 
integrated and are able to fulfill their tasks independently. 
Monitoring and controlling are part of the leadership 
hierarchy, however a division of responsibilities is essential 
for manufacturing networks [11, p. 50 ff.]. 
Cooperation term: Is not explicitly differentiated in the 
context of SEM. Only cooperation in temporary networks is 
mentioned [11, cooperation model, p. 63 ff.]. In order to 
become applicable to the GMN level, the SEM has to 
differentiate the cooperation period in a more precise way. 
Integration degree: Distinction between vertical and 
horizontal integration. The vertical integration is given 
which is illustrated by the discussion of the interface issues. 
The interaction process is to be organized efficiently and an 
optimum transfer of information has to be designed 
between the autonomous and semi-autonomous 
organizational units [11, governance and controlling model, 
p. 73 f.]. Furthermore, the cooperation model plays an 
important role for the vertical integration [11, cooperation 
model, p. 63 ff.]. In addition to the vertical integration, the 
horizontal process integration is also discussed by the SEM 
in connection with the interface issues, and here among 
others even on the GMN level [11, governance and 
controlling model, p. 33]. However the cooperation model 
indeed focuses on the horizontal integration, but 
unapparently on the GMN level [11, cooperation model, p. 
63. ff.]. 
Dynamic: Is mentioned in the context of adaptability 
which is a SEM element: A fast adaptation to changing 
internal system conditions as well as to changing external 
environment conditions is required [11, p. 50]. 
Communication structure: The SEM focuses on a 
bilateral and multi-level communication structure. This can 
be concluded from the multistage model of cooperation. 
Instructions are made gradually and vertically across the 
stages of the cooperation model [24]. The communication 
structure for manufacturing networks is described in detail 
within the SEM, but other structures for networks are 
neither evaluated nor considered [11]. 
5. Adaption of the Stuttgart Enterprise Model to the 
Global Manufacturing Network Level 
Based on the results of chapter 4 potentials of adaption 
for the SEM are discussed in this chapter. First of all it has 
to be emphasized that SEM is able to model network 
systems.  
An important field of adaptation linked to the motivating 
factors is the integration, the configuration and the 
initialization of GMN. One way to include the formation 
and control of manufacturing networks in SEM could be the 
further development of the effect model. As mentioned in 
chapter 3 the effect model is a superior control system to 
react to a changing environment or turbulences. The 
suggestion is to implement a network life-cycle 
management into this superior system control. This life-
cycle management considers the initialization and 
configuration, respectively re-configuration of the network 
structure. It evaluates the motivating factors and capacity 
loadings for each production location and focuses on 
efficiency of the whole network.  
For implementing the motivating factors an approach 
that Lanza et al. discuss could be used. The authors suggest 
an approach based on scenario method and multi-objective 
optimization for changeable manufacturing networks. Their 
approach detects the need for change in the system through 
evaluating the changing framework conditions for the 
manufacturing network structure [25]. 
In order to include the capacity optimization Nyhuis 
presents a model, which is shown in Fig. 2 [26]. This 
approach assumes that flexibility or adaptability reacts to 
small changes. In respond to major changes the small 
corridor of flexibility has to be extended.  
 
Fig. 2. Changeability vs. Flexibility [26]. 
The within SEM mentioned superior system control 
(implemented in the effect model) has to detect the need for 
extending the corridor of flexibility. The result of adaption 
should be an effect model that has two directions of action. 
This control permanently checks the efficiency of the 
system and plans the changeability corridor. Furthermore it 
monitors the framework conditions to consider risks and 
opportunities for the manufacturing network. The adapted 
effect model is a combination of the scenario-based 
optimizing strategy and steady analysis of the capacity 
distribution. 
Furthermore, a few fields of adaptation linked to the 
degree of integration and the coordination pattern should be 
installed: With respect to the reference model as well as to 
the cooperation model, the horizontal integration demands 
more attention, especially on GMN level. We propose to 
adjust the basic structural assumptions in this regard and as 
a consequence thereof, to emphasize issues on the GMN 
level within the governance and controlling model (beyond 
interface issues) as well as within the corporate planning 
and management control model. 
Given that the horizontal integration on GMN level is 
regarded as an inter-organizational phenomenon, SEM’s 
existing limitation on intra-organizational relationships 
could be abandoned. The SEM, even when addressing 
issues on the network level, assumes intra-organizational 
relationships between the performance units [e.g. 11, scale 
model, p. 60 ff.]. However in contrast to this assumption 
there is an ongoing trend to expand traditional offerings of 
selling goods by services towards integrated solutions, so 
called Industrial Product-Service Systems (IPS2). Since the 
dependence on inter-firm relationships increases when 
complementary competence is necessary, IPS2 are typically 
developed and provided by inter-organizational networks 
[27, 28, 29]. For the same reason development, production 
and operation of so called cyber-physical systems require 
interdisciplinary, cooperative work in inter-organizational 
networks and clusters [30]. 
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6. Conclusion 
A systematic approach to give recommendations for 
action for creating adaptable global manufacturing 
networks is worth to examine, as more and more companies 
face an increasing complexity within their production 
networks [3]. The SEM represents a holistic production 
system aiming at adaptable enterprise structures, which is 
potentially scalable to the manufacturing network level. 
Through its strong focus on adaptability and dynamic 
changes, it could be an efficient concept to enhance 
production systems in a global environment [6, 13].  
This contribution analyzes the SEM for the evaluation 
and further development in terms of applicability to global 
manufacturing networks. It shows how to extent the SEM, 
i.e. its set of sub-models, procedures and methods, 
incorporates the characteristics of global manufacturing 
networks and examines whether it is applicable to the 
global manufacturing network level. To prove the SEM, 
different key characteristics of GMN are summarized in an 
analytical framework. The analysis reveals several partially 
or even not considered characteristics of global 
manufacturing networks. 
After analyzing the characteristics of GMN first 
indications are given to which extent the SEM should be 
adjusted and improved in order to increase its applicability 
to the global manufacturing network level.  
There are aspects presented, that focus on the integration 
of configuration and initializing phases of GMN by further 
development of the effect model. Furthermore adaptations 
concerning the degree of integration and coordination 
pattern are considered. Horizontal integration demands 
more attraction, especially on GMN-level and regarding 
inter-organizational relationships. This increased attraction 
is achieved through adaptation of several sub-models and 
forms of communication. 
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